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a b s t r a c t
A 30-day acclimation trial was conducted using golden mahseer, Tor putitora juveniles to study its muscle
fatty acid composition at ﬁve acclimation temperatures (AT). Ninety juveniles of T. putitora were
distributed among ﬁve treatment groups (20, 23, 26, 29 and 3270.5 1C). At the end of 30 days trial,
highest percentage of monounsaturated fatty acids was found at 20 1C and lowest at 26 1C. The highest
percentage of n-6 polyunsaturated fatty acid (PUFA) was found at 23 1C and a decreasing trend was
observed with increase in AT. However, highest percentage of n-3 PUFA was found at 32 1C and lowest at
29 1C. The maximum n-6 to n-3 ratio was observed at 23 1C and ratio decreased to a minimum at 32 1C.
The results revealed that T. putitora juveniles could adapt to higher acclimation temperatures by altering its
muscle fatty acid composition mainly by increasing its total saturated fatty acids especially stearic acid.
& 2014 The Authors. Published by Elsevier B.V. This is an open access article under the CC BY-NC-ND
license (http://creativecommons.org/licenses/by-nc-nd/3.0/).
1. Introduction
Tor putitora, commonly known as ‘goldenmahseer’, is an important
cyprinid ﬁsh endemic to Asia with natural distribution encircling the
trans-Himalayan region and thrives well in the temperature range of
20–25 1C. They are attractive as sport ﬁsh (Ng, 2004) as well as have
tremendous aquaculture potential (Ingram et al., 2005). In recent
years, due to anthropogenic pressure, environmental degradation and
indiscriminate ﬁshing, the population of goldenmahseer in the natural
water bodies had declined to an alarming level. It is now identiﬁed as
a critically endangered species as depletion of mahseer populations
has been reported from various parts of Asia (IUCN, 1998; Hussain and
Mazid, 2001). Another important threat to the natural stocks of this
species is the rising temperature due to global warming which is likely
to further affect its productivity in wild populations as well as in
aquaculture systems.
Water temperature is considered to be the most important
factor in the development and growth of ﬁsh. As ﬁsh are
ectothermic vertebrates, they are adapted to temperature variation
allowing physiological processes and biochemical reactions to
continue efﬁciently at different temperatures (Brett and Groves,
1979). These adaptive capacities enable them to survive through
acclimation and adaptation to stressful temperature conditions
(Hazel and Prosser, 1974). Changes in body temperature threaten
to compromise membrane integrity and function because of
alterations in the physical properties of membranes (Skalli et al.,
2006). Many aquatic animals adjust the compositions of their
membrane lipids to minimize effects of temperature variation
(Farkas et al., 1980). It is well known that the fatty acid composi-
tion of animal tissues can be modiﬁed by a change in environ-
mental temperature (Hilditch and Williams, 1964).
The likely effects of global warming make us to put important
efforts to deﬁne temperature adaptation of ﬁshes and their conse-
quences on ﬁsh health. To the best of our knowledge, nothing is
known about the adaptive responses in terms of alterations in the
compositions of lipids of endangered golden mahseer to temperature
variations. In this context, the present experiment was conducted to
elucidate the effect of different acclimation temperatures on muscle
fatty acid composition of golden mahseer (T. putitora) juveniles to
assess its adaptive response at higher acclimation temperatures.
2. Materials and methods
2.1. Experimental design and rearing
Juveniles of T. putitora (13.6272.15 g, average weight7SE) were
collected from ﬁsh ponds of Directorate of Coldwater ﬁsheries
Research (DCFR), Bhimtal, Uttarakhand, India, and transferred to a
rectangular FRP tank (2000 L) in the wet laboratory of DCFR
with sufﬁcient aeration. The ﬁsh were disinfected by giving a salt
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treatment (1% NaCl w/v) for 5 min and KMnO4 (5 ppm) dip
treatment and then acclimatized at 20 1C for 10 days. After
acclimatization, ninety ﬁsh were randomly distributed in ﬁve
acclimation temperature groups in triplicates (six ﬁsh/tank of
150 L) following a Completely Randomized Design. The ﬁrst group
was maintained at temperature of 20 1C. For other four groups, the
temperatures were gradually increased by 1 1C/day to the test
temperatures (23, 26, 29 and 3270.5 1C) by using 150W thermo-
static heaters connected to individual temperature controllers.
The acclimation was continued for 30 days. Fish were fed with
pelleted feed (35% crude protein) at the rate of 3.0% wet body weight
(as feed intake was observed to be nearly 3%) twice daily at 10.00 h
and 17.00 h. The fecal matters were removed by siphoning each day
before dispensing the feed and about 20% water of the tanks was
exchanged with preheated (as per test temperatures) water daily.
Sufﬁcient aeration was provided throughout the experimental period
to maintain the dissolved oxygen level.
2.2. Extraction of tissue lipids and preparation of fatty acid
methyl esters (FAME)
At the end of 30-days acclimation trial, the ﬁshes were
anaesthetized with CIFECALM at 200 ml/L (CIFE, Mumbai, India)
and muscle samples were collected aseptically. The ﬁsh were
starved for 24 h before sampling.
Total lipid was extracted following the Folch et al. (1957) method
by using chloroform:methanol mixture (2:1). The solvent was evapo-
rated off by continuous ﬂow of nitrogen and residues are weighed to
quantify the amount of lipid extracted. The residue was re-dissolved in
chloroform/methanol (2:1, v/v) and then stored in a 25 ml conical ﬂask
with glass stopper under nitrogen at 20 1C. The FAME was prepared
from the isolated lipids by the AOAC (1995) method.
2.3. Fatty acid analysis by gas chromatography–mass spectroscopy
(GC–MS)
The FAME was analyzed by GC–MS QP2010 (quadruple mass-
spectrometer (Shimadzu, Japan) with ionization energy of 70 eV)
equipped with dB-wax column of 25 mm and 0.25 mm ﬁlm
thickness with helium gas as the carrier gas. The sample was
injected at split mode injection port at 1:15 split ratio at 250 1C
and oven temperature was programmed from 50 to 230 1C at the
rate of 10 1C/min. The mass spectrometer was turned to get
relative abundance of m/Z ranging from 40.00 to 550.00. Chroma-
tographic data were recorded and integrated using GS-CLASSIC
Software (Shimadzu, Japan). The values of fatty acids were pre-
sented in area percentage of total identiﬁed fatty acids.
2.4. Statistical analysis
Mean values of all parameters were subjected to one-way analysis
of variance to study the treatment effect and Duncan's Multiple Range
Tests were used to determine the signiﬁcant differences among the
means. Comparisons were made at 5% probability level. All the data
were analyzed using statistical package SPSS (Version 19).
3. Results
Fatty acid composition of muscle tissues showed signiﬁcant
(po0.05) variations among the different acclimation temperature
groups (Table 1). The main fatty acids in all the acclimation tempera-
tures were C16:0, C18:0, C16:1n-9, C18:1n-9, C18:2n-6 and C22:6n-3.
The total saturated fatty acids (SAFA) contents signiﬁcantly increased
at acclimation temperature 23 1C and then gradually decreased
through acclimation temperature 32 1C and reached to the level
equivalent to a level at 20 1C (Fig. 1). The highest SAFA accounted for
45.54% at 23 1C and lowest (36.57%) 20 1C acclimation temperature.
Palmitic acid (C16:0) content was highest at 23 1C and lowest at 32
and 20 1C acclimation temperature. Stearic acid (C18:0) content was
signiﬁcantly decreased at 26 1C and again increased to maximum at
32 1C. The highest percentage of MUFA (37.54%) was found at 20 1C
and lowest (25.92%) at 26 1C (Fig. 1). However, at 32 1C, it is increased
to 31.38%. The highest percentage of PUFA (38.15%) (Fig. 1) was found
at 23 1C and lowest at 29 1C. The highest percentage of n-6 PUFA
(26.18%) was found at 23 1C and a decreasing trend was observed with
Table 1
Effect of acclimation temperature on fatty acid composition of T. putitora juveniles.
Fatty acids Acclimation temperatures
20 1C 23 1C 26 1C 29 1C 32 1C
C12:0 0.15b70.01 0.17b70.01 0.23c70.02 0.08a70.01 0.14b70.01
C14:0 4.83b70.16 5.70c70.16 5.13b70.10 4.67b70.09 3.14a70.10
C15:0 0.68b70.07 0.61ab70.07 0.71b70.08 0.55ab70.06 0.42a70.07
C16:0 21.63a70.72 29.87c70.46 25.94b70.60 22.96a70.64 20.80a71.21
C17:0 0.64b70.05 0.37a70.03 0.66b70.05 0.53ab70.06 0.50ab70.06
C18:0 7.71b70.20 7.70b70.28 5.79a70.09 11.39c70.15 10.95c70.29
C19:0 0.2170.03 0.1870.01 0.2070.02 0.2070.03 0.2070.01
C20:0 0.74a70.06 0.96b70.04 0.75a70.04 0.68a70.05 0.61a70.07
C16:1n-9 6.45d70.21 5.47c70.04 5.59c70.09 4.24b70.04 3.20a70.03
C16:1n-7 4.12b70.11 7.32c70.11 0.08a70.01 0.04a70.02 0.05a70.01
C18:1n-9 16.72c70.45 4.51a70.11 8.28b70.15 13.02c70.20 18.78e70.46
C18:1n-7 2.02b70.11 0.80a70.18 2.00b70.10 1.06a70.06 2.49c70.04
C20:1n-9 3.33b70.09 4.38c70.07 4.12c70.11 3.50b70.08 2.80a70.08
C22:1n-9 4.91a70.10 7.03d70.10 5.86c70.13 5.42b70.12 4.53a70.13
C18:2n-6 19.43b70.50 22.58c70.50 22.22c70.50 19.47b70.50 15.09a70.55
C18:3n-3 1.74b70.05 0.26a70.05 4.01e70.11 2.68d70.06 2.18c70.05
C18:3n-6 0.27a70.05 0.93c70.05 0.51b70.06 0.48b70.06 0.46b70.01
C20:2n-9 0.21b70.02 0.13a70.02 0.21b70.02 0.19ab70.02 0.17ab70.02
C20:2n-7 0.81a70.07 1.19b70.04 0.87a70.06 0.81a70.07 0.83a70.07
C20:3n-7 0.68a70.02 1.26b70.04 0.80a70.04 0.74a70.04 0.69a70.04
C20:4n-6 3.05c70.07 2.68b70.07 2.19a70.04 2.52b70.04 4.88d70.04
C20:5n-3 2.67c70.04 2.37b70.06 2.00a70.07 1.80a70.05 3.17d70.06
C22:6n-3 6.07c70.06 6.76d70.06 4.40a70.07 4.71b70.04 9.38e70.04
n-6/n-3 2.17b70.03 2.79d70.01 2.40c70.01 2.45c70.03 1.39a70.03
Mean values bearing different superscripts (a–c) in the same row vary signiﬁcantly (po0.05). Data expressed as mean7SE, n¼3.
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increase in acclimation temperature (23–32 1C). However, the highest
percentage of n-3 PUFA (14.72%) was found at 32 1C and lowest at
29 1C. The maximum n-6 to n-3 ratio (2.79) was observed at 23 1C and
the ratio decreased to a minimum (1.39) at 32 1C.
4. Discussion
Many aquatic organisms are adapted to temperature variation
allowing physiological processes and biochemical reactions to pro-
ceed efﬁciently at different temperatures (Brett and Groves, 1979).
Changes in body temperature threaten to compromise membrane
integrity and function because of alterations in the physical proper-
ties of membranes (Skalli et al., 2006). Many aquatic animals adjust
the compositions of their membrane lipids to minimize effects of
temperature variation (Farkas et al., 1980). It is now well known that
the fatty acid composition of animal tissues can be modiﬁed by a
change in environmental temperature, and the proportions of
unsaturated to saturated fatty acids varies when the environmental
temperature changes (Hilditch andWilliams, 1964). This proportional
change in unsaturated fatty acids will alter the mesomeric transition
temperature, and it has been suggested that such an alteration is
essential if basal metabolic processes are to function normally at
different environmental temperatures (Chapman, 1969). In the pre-
sent investigation, an increase in acclimation temperature signiﬁ-
cantly increased the total saturated fatty acids (SAFAs) in T. putitora
juveniles. This is in agreement with the ﬁndings of Kemp and Smith
(1980) in gold ﬁsh, Farkas et al. (1980) in Cyprinus carpio and Skalli
et al. (2006) in sea bass. The stearic acid (C18:0) was dominated
among total saturated fatty acids in T. putitora and was signiﬁcantly
increased with increase in acclimation temperature from 20 to 29 1C.
Similar to our observations, Skalli et al. (2006) reported that
temperature induced signiﬁcant differences in stearic acid contents
in different organs of sea bass with higher values at 29 1C than at
22 1C. In salmonids, thermal response corresponds to a higher
proportion of unsaturated fatty acid with low temperature (Hazel
et al., 1992; Calabretti et al., 2003). Similar effects of temperature
were observed in sea bass, with higher n-3 fatty acids contents at 22
than at 29 1C (Skalli et al., 2006). In the present study, we also found
higher levels of mono-unsaturated (MUFA) and poly-unsaturated
(PUFA) fatty acids at lower acclimation temperatures. The C16:1n-9
and C16:1n-7 content was signiﬁcantly lower at higher acclimation
temperatures. Skalli et al. (2006) reported a higher C18:1n-9 levels in
sea bass whole body phospholipids at 29 1C compared to 22 1C.
Similar effect of acclimation temperatures has also been evidenced in
the present study. The present study allows to observe signiﬁcantly
lower values of C18:2n-6, C18:3n-3 and C18:3n-6 fatty acids in T.
putitora juveniles when acclimation temperatures increased from 23
to 32 1C as previously shown on whole body fatty acid composition
of European sea bass (Skalli et al., 2006; Person-Le Ruyet et al., 2004).
A higher level of eicosapantaenoic acid (EPA: C20:5n-3) and
docosahexaenoic acid (DHA: C22:6n-3) in ﬁsh at low temperature
was previously interpreted as a way to maintain membrane ﬂuidity
(Skalli et al., 2006). In the present study, the EPA and DHA
signiﬁcantly decreased with increase in acclimation temperature
from 20 to 29 1C but a drastic increase was observed at 32 1C. To
the best of our knowledge there is no literature available to
substantiate this drastic increase in EPA and DHA at 32 1C.
5. Conclusion
The results obtained from the present study suggest that
T. putitora juveniles could adapt to higher acclimation temperatures
by altering its muscle fatty acid composition mainly by increasing
its total saturated fatty acids especially stearic acid. This physiolo-
gical mechanism may facilitate T. putitora to respond the threat of
increasing temperatures due to global warming.
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